The epidemiologic triad (epi-triad) classically consists of agent, host, and environment. However, with vector-borne diseases (arthropod-transmitted pathogens), the vector plays a vital role, and without the vector there is no sustained pathogen transmission. By not emphasizing the importance of the arthropod vector, the role of the vector is often neglected or underappreciated. The complexities of vector-borne diseases are reviewed by describing the ecology and transmission of the Japanese encephalitis virus (JEV), the causative agent of Japanese encephalitis (JE). JE is a mosquito-borne zoonosis that affects most countries in South and Southeast Asia, and the Western Pacific Rim. It is considered the main cause of viral encephalitis in that region, affecting mainly children up to 14 yr old. The virus is transmitted by mosquitoes, particularly of the Culex genus, and the transmission cycle is complex, involving pigs and ardeid birds as reservoir hosts. Environmental, ecological, and social determinants play a paramount role on the epidemiology of JE and JEV, as well as on its geographical expansion over new territories. JE has no cure; thus, efforts are put forth towards prevention and control by reducing exposure to potentially infected mosquitoes, or vaccination. The sections below cover the most important aspects of JE and JEV, providing a summary of the current body of knowledge and placing the complicated transmission cycle in context of a new epi-triad.
hosts, as part of the environment, or as a fourth category in the middle of the triangle, as depicted in Fig. 1 . This review emphasizes the importance of raising insects to a more significant role in the paradigm to match their importance in outbreak control.
Insect vectors are biting insects that may acquire and transmit agents while feeding on hosts. Without vector competent insect species, however, there is no agent transmission. Therefore, vector species are as important as vector host preferences, host availability, vector abundance, and vector competence, which can all be encompassed in vectorial capacity of an insect species (Ross 1911 , MacDonald 1957 . The environment significantly influences the abundance and distribution of the vectors, both geographically and temporally (seasonally and daily).
The importance of the vector, both as another organism and as an alternative to controlling the agent, is underappreciated in the epi-triad. Disease vectors often complicate the interactions with the agent, host, and environment. Mosquito-transmitted Japanese encephalitis virus (JEV) is an example that illustrates the complexity involved with vector-borne diseases, with JEV control strategies often relegating disease vector control to a secondary role and focusing on other means to reduce transmission, such as vaccine improvements.
Japanese encephalitis (JE) has multiple viral genotypes that circulate in different regions of Asia, which results in both endemic and epidemic transmission. Several mosquito species are competent as vectors, and these mosquitoes feed on a variety of bird and mammal hosts, including humans, which are a dead-end host for the virus (Solomon 2006) . In the sections below, we wish to expand the concept of better positioning vectors in the epi-triad, using JEV as an example. As such, we provide a broad review of JEV, as it pertains to the complex factors associated with the transmission of this pathogen.
Historical Background of the JEV
The history of JE dates to the 19th century when it was first recognized in humans and horses in Japan in 1871. Later, in 1924, an epidemic occurred and from then on, approximately every 10 yr a severe epidemic took place in Japan. The agent could be extracted from a human brain and passed to rabbits, but it was not until 1934 that it was inoculated intracerebrally in monkeys and better characterized. The following year, the Nakayama strain was established after being isolated from a human brain in Tokyo (Mitamura et al. 1936 , Miyake 1964 , Misra and Kalita 2010 . JE was initially called Japanese B encephalitis to distinguish it from von Economo encephalitis, also known as encephalitis lethargica Liu 1940, Solomon 2006) .
The transmission cycle and the involvement of pigs and birds as reservoir hosts were elucidated in 1959 though the acknowledgment of JE as a mosquito-borne (Diptera, Culicidae) disease had already taken place in the early 1930s when the agent was isolated from a Culex tritaeniorhynchus Giles mosquito (Mitamura et al. 1936, Misra and Kalita 2010) .
The first studies on JEV transmission ecology were performed in Tokyo, circa 1952, by U.S. Army personnel (Scherer and Buescher 1959) . Viral sequencing was completed in 1990 with genetic studies contributing to further our understanding of the virus and its evolution and adaptation to newer habitats. It is suggested that JEV originated in the IndonesiaMalaysia region, as it has been found that all five JEV genotypes overlap on that geographical area, having then spread over Asia (McMinn 1997 , Solomon et al. 2003 , Erlanger et al. 2009 , Misra and Kalita 2010 .
The last region JEV has reached was Australia (Torres Strait), probably from Papua New Guinea through wind-blown mosquitoes Rochester 2001, Solomon 2006) .
In 2011, about 67,900 JE cases were reported annually worldwide, with an estimated overall incidence of 1.8 per 100,000 people, of which only approximately 10% were reported to the WHO. Accurate incidence estimates are cumbersome to calculate due to differences in intensity and quality of JE surveillance in affected countries and the availability of laboratory diagnostic tests, which differ throughout the world (Campbell et al. 2001) . It is also estimated that half the cases occur in China (excluding Taiwan) and 75% occur in children aged between 0 and 14 yr old, as prior to gaining immunity by natural exposure to JEV, subclinical infection, or vaccination, they comprise the most susceptible part of the population (Campbell et al. 2001, Misra and Kalita 2010) .
Virology
JEV is a single-stranded positive-sense RNA virus with an envelope.
It has an open reading frame (ORF) that encodes three structural proteins (the capsid protein C, the precursor to the membrane protein PrM, and the envelope protein E) and seven nonstructural proteins. The protein E gene sequences are considered to be responsible for JEV virulence and are important for the entry of the virus into the host cell, and also for being a major target of humoral immune response. The virus enters the host cell by endocytosis, then fusing the lipid membrane with the endosome membrane by conformational change, which leads to the penetration of the viral RNA into the cytoplasm of the now infected host cell (Sumiyoshi et al. 1987 , Chambers et al. 1990 , Misra and Kalita 2010 .
By being a member of the genus flavivirus and Flaviviridae family, JEV is genetically close to the West Nile virus (Africa and the Middle East) and the Saint Louis encephalitis virus (North America), sharing both clinical and ecologic features. Other neurotropic viruses related to JEV and found around the world include other members of the Flaviviridae family-Murray Valley encephalitis virus (Australia), Roccio virus (South America), and tick-borne encephalitis virus (Russia). These viruses have probably evolved from a common Fig. 1 . The classical epidemiologic triad, which has the pathogen, environment, and single host. Disrupting the connections will stop transmission of the pathogen. This simplistic representation is excellent for communicable diseases, but not adequate to explain the complexities of vector-borne diseases. To adapt the triad to vector-borne diseases, the insect vector is generally placed in the middle where it influences the other three points.
ancestor around 10,000 to 20,000 yr ago, further developing apart to adapt to the specific ecological niches they encountered (Solomon 1997 (Solomon , 2006 Solomon et al. 2000; Misra and Kalita 2010) .
There are five JEV genotypes that differ among them at the nucleotide level by 10%, though differences in neurovirulence are debated (Ni and Barrett 1995) . Genotype III, located in the temperate regions of Asia, has spread more widely and the oldest lineages are genotypes IV (Indonesia) and V (Singapore). Genotype I is located in Northern Thailand, Cambodia, South Korea, China, Japan, Vietnam, and Taiwan; and genotype II is located in Southern Thailand, Malaysia, Indonesia, Papua New Guinea, and Northern Australia (Chen 1990 (Chen , 1992 Uchil and Satchidanandam 2001; Solomon 2006 ). According to Le Flohic and Gonzalez (2011) , cited by Le Flohic et al. (2013) , 98% of the strains isolated from 1935 to 2009 belong to genotypes I, II, and III and no straightforward relationship between genotype and clinical features of JE has been established Gonzalez 2011, Le Flohic 2013) . Changes in genotype may be attributed to JEV fitness to new competent vectors or, potentially, to new host availability, but no differences in terms of transmission mechanisms, pathogenicity, vector or host preference have been established among genotypes (Le Flohic et al. 2013 ).
Enzootic Cycle
The epidemiology of JEV is dependent on the biology of vectors and hosts, as well as environmental factors (Le Flohic et al. 2013) . Because JEV is an arthropod-borne virus (ARBO virus), it requires a blood sucking arthropod to complete its life cycle (Misra and Kalita 2010) .
There are three epidemiologic patterns of JEV that occur in Southeast Asia: an endemic pattern in the southern regions (South of India, South of Vietnam, South of Thailand, the Philippines, Malaysia, and Indonesia); an intermediary pattern in the subtropical region (Northern India, Burma, Northern Thailand, Northern Vietnam, Southern China, and Bangladesh), characterized by low intensity but year-round transmission with peaks in the rainy season; and an epidemic pattern in the temperate regions (North of China, Korea, Japan, Taiwan, and South of Russia), where JEV transmission varies according to temperature, with epidemics occurring in the Summer and Fall Hoke 1992, Misra and Kalita 2010) .
Besides humans, domestic animals may also become infected and develop clinical signs (Misra and Kalita 2010) . The two main transmission cycles are expanded on the sections below. Both cycles, domestic (pig-associated) and wild (bird-associated), may coexist, as vectors may feed on both types of hosts concurrently Buescher 1959, Le Flohic et al. 2013 ).
Pig-Associated Transmission Cycle
Pigs act as amplifying hosts, bringing the virus closer to human dwellings, particularly in Asia, where backyard farming is common (Solomon 2006) . Pigs, both domestic and wild, are considered the most important JEV reservoir because there is an increased incidence of natural swine infection. Furthermore, they develop high titers of viremia when infected, which last for 2 to 4 d, Culex mosquitoes tend to feed on pigs in nature, and the number of susceptible pigs is large due to a high turnover rate in the pig industry Buescher 1959, Misra and Kalita 2010) .
Though usually asymptomatic, JEV can cause reproductive disease in pigs, with losses, such as abortions in sows, stillbirths or mummified fetuses, and reduced fertility in boars, reaching up to 70%. Newborn piglets may have clinical neurological signs, such as tremors and convulsions, with mortality in non-immune, infected piglets reaching up to 100%. Non-pregnant females may have mild clinical signs (fever) or subclinical JE. Naturally infected pigs have long-lasting immunity (and therefore are no longer able to amplify JEV), and mortality rates in adult pigs are nearly zero Kalita 2010, OIE Technical Disease Cards 2013) . More recently, Ricklin et al. (2016) published evidence that vector-free transmission between pigs without the intervention of arthropod vectors is possible, further increasing the importance of the role pigs play in JEV transmission (Ricklin et al. 2016 ).
Bird-Associated Transmission Cycle
There are over 90 bird species, both wild and domestic, that can become infected and transmit JEV. Once infected, birds become immune to JEV and are no longer able to amplify the virus (Scherer and Buescher 1959 , van den Hurk et al. 2009 , Misra and Kalita 2010 . However, migration or hormonal stress could lead to a reactivation of latent JEV in birds.
Wading birds of the Ardeidae family, such as egrets (Egretta garzetta) and herons (Nycticorax nycticorax), are highly susceptible to JEV infection, reaching high viremia titers that last as long as 4 d and representing an important source of infection for mosquitoes (Gresser et al. 1958 , Le Flohic et al. 2013 . Furthermore, Cleton et al. (2014) compared JEV mean peak viremia between 2 d old and 42 d old ducklings and chicks that were experimentally infected and demonstrated that viremia decreases as the age of infection increases, demonstrating that magnitude of viremia is related to young age in birds (Cleton et al. 2014) . Interpretation of JEV serosurveillance in birds could be complicated by other existing circulating flaviviruses, as cross-protection between flaviviruses, such as West Nile virus and JEV, exist (Nemeth et al. 2012 ).
Vertical Transmission
Vertical transmission of JEV between mosquitoes and their offspring had been suggested as a potential strategy for JEV to survive the cold season and restart the transmission cycle every year in the northern regions where an epidemic pattern occurs. Takashima and Rosen (1989) and Rosen et al. (1989) evaluated vector competence of several mosquito species for JEV, as well as their ability to transmit the virus vertically to their offspring. Vertical transmission in Aedes japonicus was demonstrated by Takashima and Rosen (1989) . Furthermore, Rosen et al. (1989) 
Overwintering
Besides vertical transmission in mosquitoes, literature suggests that the virus survives the cold season by overwintering in hibernating mosquitoes, mosquito eggs, or reptiles (Lee 1971) . Another theory is that JEV is reintroduced every year by migrating birds (Buescher 1956 ). An argument against it, however, is based on the fact that adult birds become immune after infection. Thus reinfection is unlikely, though migration stress or hormonal stress could play a role in the reactivation of latent JEV in birds. Nonetheless, the fact that different JEV strains have distinct geographical locations between the northern (genotypes I and III) and southern regions (genotypes II, IV, and V) dismisses this possibility. If migrating birds were responsible for JEV introduction in the northern, epidemic regions, all genotypes would be scattered across Asia, with no evident genotype distribution pattern (Chen et al. 1990, Misra and Kalita 2010) . Regardless, it is possible that migratory birds may still play a role on JEV overwintering.
Ecological Factors
The mechanisms by which JEV transmission takes place are related to a change in land usage and agricultural practices. As the economy improves and the rice industry flourishes at the expense of deforestation, increased opportunities for mosquito breeding develop, as rice paddy fields are considered ideal breeding grounds for mosquito development. Furthermore, paddy fields also attract migrating birds, adding to the complex interplay of factors characterizing JEV transmission and spread (Solomon 2006 , Misra and Kalita 2010 , Le Flohic et al. 2013 ). Higher humidity rates and temperatures lead to mosquito development and consequent higher number of vectors available to infect (Misra and Kalita 2010) . Besides climate, altitude may also play an important role in JEV transmission (Keiser et al. 2005) .
In the most western and southeastern parts of Asia where JEV has reached and outbreaks occurred (Pakistan and the Torres Strait in northern Australia, respectively), other factors may be implicated in JEV transmission (Igarashi et al. 1994, Ritchie and Rochester 2001) . In Australia, Ritchie and Rochester (2001) suggested that infected wind-blown mosquitoes might have crossed the strait between Papua New Guinea and Australia, carrying the virus along. Climate change may also be implicated in the expansion of JEV, as higher temperatures increase the span of the mosquito season in temperate regions, such as Pakistan (Erlanger et al. 2009 ). Bird movement, implicating both resident and migratory birds, are associated with JEV transmission over short distances, although the mechanism involved is not well understood (Brown and O'Brien 2011) .
JE in Vectors and Other Hosts
Cx. tritaeniorhynchus and Culex vishnui are important JEV vectors because they breed in rice paddies and other dirty water, but there is evidence pointing to more than 30 mosquito species that may carry JEV (Solomon 2006 , Le Flohic et al. 2013 Oliveira et al. 2018a) .
A summary and quantification of JEV infection, dissemination, and transmission rates in the top five mosquito species, using a metaanalysis approach, is presented in Table 1 . Data were obtained from experimental studies and gathered by means of a systematic review of the literature by the same authors (Oliveira et al. 2018b ). Additionally, Tables 2 and 3 list the proportion of JEV infection in vectors and vertebrate hosts, gathered from observational studies and quantitatively summarized by means of meta-analyses (Oliveira et al. 2017) .
Besides pigs and birds, other domestic animals that may have subclinical disease, but likely do not contribute to JEV transmission, are horses and other equids (donkeys), cattle, sheep, goats, dogs, cats, chickens, ducks, sylvatic mammals, reptiles, and amphibians (OIE Technical Disease Cards 2013); however, this does require more research to exclude alternate host animal's role in the JEV transmission cycle. Oliveira et al. 2018b .
a Random-effects meta-analysis using the method of DerSimonian and Laird to estimate the variance between studies, using a restricted maximum likelihood (REML) algorithm. I 2 range: 11.9% (Aedes togoi, P-value = 0.50) -93.6% (Culex quinquefasciatus, P-value = 0.18).
e Species are reported as recorded in the original articles.
f Entries correspond to the times a certain mosquito species was recorded within a specific outcome (≠ number of articles, i.e., several entries may pertain to the same article).
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h I 2 = proportion of total variability in point estimates that can be attributed to heterogeneity.
Vector competence for JEV refers to the ability of arthropods to acquire, maintain, and transmit JEV, while host competence for JEV is related to the ability of the JEV infected vertebrate hosts to make the virus available to vectors during feeding, thus maintaining the transmission cycle. Vector competence is determined by mosquitoes' transmission efficiency, as well as host preference, and susceptibility to infection. Conversely, host competence is determined by hosts' susceptibility to infection. These parameters are essential to further our knowledge and clarify the epidemiology of JEV and its transmission patterns, thus leading to a better understanding of potential paths of introduction of JEV and aiding in the implementation of methods of prevention and control (Huang et al. 2014 ).
JE in Humans
Humans are considered dead-end hosts, as they have a low-level, transient viremia, and though they do not transmit the virus, they can become infected (Solomon 2006) . In endemic areas, children and travelers are usually those who become infected. The highest attack rates occur in children between 3 and 6 yr old and become increasingly lower after 14 yr old, time at which the levels of neutralizing antibodies rise, either by natural exposure to JEV, by subclinical infection or vaccination (Misra and Kalita 2010) . The reason why symptomatic JE occurs only in a small proportion of infected humans is unclear. Some hypotheses include viral factors related to the route of entry, viral titers, and neurovirulence; host factors, such as age, genetic make-up of the individual, general health status and immunity; and endemicity of JEV (Solomon et al. 2000 , Solomon and Winter 2004 , Misra and Kalita 2010 .
Pathogenesis
It is unclear how JEV crosses the blood-brain barrier and reaches specific regions of the central nervous system (Solomon et al. 2000 , Solomon 2006 ). After an infected mosquito bite, incubation period lasts between 5 and 15 d. The virus amplifies peripherally in the dermal tissue and then the lymph nodes, producing a transient viremia. By unknown mechanisms, JEV then crosses the blood-brain barrier and reaches the central nervous system. JEV infection triggers both humoral and cellular responses. IgM increases before central nervous system invasion and neutralizes extracellular virus by facilitating the lysis of infected cells. T-cell response has been observed in convalescent JE patients, as well as vaccinated people, thus possibly playing an important role in the control of JEV a Random-effects meta-analysis using the method of DerSimonian and Laird (1986) to estimate the variance between studies, using a restricted maximum likelihood (REML) algorithm. I 2 range: 36.5% (P-value < 0.001) (Anopheles subpictus) -98.6% (P-value = 0.64) (Culex annulus). a Random-effects meta-analysis using the method of DerSimonian and Laird (1986) to estimate the variance between studies, using a restricted maximum likelihood (REML) algorithm. I 2 range: 60.00% (P-value < 0.001) (chickens) -96.8% (P-value = 0.64) (pigs).
( Konishi et al. 1995) . Moreover, CD4+ cells and JEV-specific CD8+ T lymphocytes recognize JEV's E protein, activating an inflammatory response through the action of chemotactic cytokines, such as IFN-alpha, beta and gamma, and TNF-alpha (Solomon et al. 2000, Misra and Kalita 2010) .
Clinical Features
JEV affects the thalamus, corpus striatum, brainstem, and spinal cord.
There is a reported co-infection of JE with neurocysticercosis, which may suggest that one disease predisposes to the other or simply that they coexist, as both have the pig as a common reservoir. Furthermore, meningitis or head injuries may increase the risk of neuroinvasion (Zimmerman 1946 , Liu et al. 1957 , Misra and Kalita 2010 . Most JE patients experience nonspecific illness with acute shortlived symptoms, such as headache, fever, rigor, and gastrointestinal symptoms (nausea, anorexia, vomiting, and abdominal pain), that last from 2 to 4 d. However, more severe JE include altered senses, seizures, neurological deficit (hemiplegia, quadriplegia, or cerebellar signs), acute flaccid paralysis and movement disorders, such as dystonia (of the limbs, orofacial, or axial). Prolonged convalescence is a hallmark of clinical JE (Zimmerman 1946 , Solomon et al. 2000 , Misra and Kalita 2010 .
In endemic areas, JE may predispose to Guillain-Barré syndrome, an auto-immune disease that attacks the peripheral nerves and damages their myelin insulation (Ravi et al. 1994, Misra and Kalita 2010) .
About 20 to 40% of JE patients die during the acute stage of the disease, with 50% of the survivors having chronic severe neurological sequelae, which include cognitive dysfunction, abnormal behavior, seizures, and movement disorders (Solomon et al. 2000 , Solomon 2006 , Misra and Kalita 2010 .
Diagnosis
Diagnostic confirmation of JE should be based on clinical, biological, neurophysiologic, and cerebral imaging findings criteria (Diagana et al. 2007) . Besides the clinical symptoms described above, brain imaging findings aid in the diagnosis of JE. Such findings include bilateral hemorrhagic lesions of the thalamus that can be seen on cerebral computerized tomography (CT scan) and are characteristic of JE (Kumar et al. 1997 , Diagana et al. 2007 .
Laboratory findings include classical signs of inflammation (polymorphonuclear leukocytosis and increased sedimentation rate), hyponatremia (due to decreased secretion of antidiuretic hormone), normal or slightly increased pressure in the cerebrospinal fluid (CSF), atypical lymphocytes type I (resulting from abnormal CD4 cells), and atypical lymphocytes type II with typical basophilic cytoplasm and chromatin nucleus (resulting from abnormal CD8 cells) (Sato et al. 1998 , Diagana et al. 2007 ).
Final diagnosis is achieved by identification of IgM by ELISA in the blood or CSF, which has high sensitivity and specificity, detecting antibodies in 75% of cases. The ELISA method demonstrating IgM to IgG seroconversion in two successive blood samples is considered the best diagnostic tool (Chanyasanha et al. 1983 , Diagana et al. 2007 , Misra and Kalita 2010 .
Western Blot, hemagglutination inhibition test, and rapid complement fixation may lead to confusing results as there may be crossreactivity with other flaviviruses (dengue and West Nile virus), which limits their application. Reverse transcription-polymerase chain reaction used for viral genome amplification also allows rapid detection of RNA in the CSF, but is rarely used (Tanaka 1993 , Diagana et al. 2007 .
Differential diagnosis includes other encephalitis, such as herpes encephalitis, dengue, and West Nile virus encephalitis, and other infections involving the central nervous system, such as tuberculosis, bacterial meningitis, and cerebral malaria (Solomon et al. 2000 , Diagana et al. 2007 , Erlanger et al. 2009 ).
Treatment and Prognosis
There is no specific treatment for JE. Treatment is aimed at controlling immediate complications, such as seizures and intracranial pressure, as well as long-term consequences of the disease that include limb contractures, malnutrition, and bed sores (Solomon et al. 2000 , Solomon 2006 ). Though corticosteroids had been administered to JE patients for some years, double-blind randomized placebo-controlled trials failed to show their benefit. Interferon-alpha was reported as a promising potential treatment , Solomon et al. 2000 . Misra et al. (1998) , investigated the role of clinical, neurophysiological, laboratory, and radiological parameters in the prognosis of JE and concluded that the best set of prognosis predictors were age, Glasgow coma scale (method for assessment of the level of consciousness), and reflex changes (Misra et al. 1999) .
Public Health and Economic Implications
The assessment of the economic impact of JE in Southeast Asia depends on JE case reporting, which is not always accurate due to differences in quality of health information systems, as well as the ability to perform clinical and serological JE diagnoses (Erlanger et al. 2009 ). Furthermore, difficulties estimating disease burden in Asia are related to different case-definitions (defining acute encephalitis), challenges in confirming the diagnosis in rural areas, and problems with quantitatively assessing disease outcomes (survivors pose a higher burden than fatal cases) (Solomon 2006) . The impact of JE should take into account aspects related to the collective burden, as opposed to individual burden of disease, the cost of preventive measures versus treatment costs, and morbidity and mortality in contrast to financial burden. Moreover, aspects such as acute versus chronic JE and disease in humans versus animals should also be considered (Tarantola et al. 2014) . However, Tarantola et al. (2014) concluded that regardless of the nature and scope of disease burden being assessed, it is usually the rural populations located in economically and socially fragile areas and having little access to health and prevention care, on which most of the impact is reflected (Tarantola et al. 2014) .
According to the WHO, in 2016 there were a total of 5,399 reported cases of JE (3,500 cases in Southeast Asia and 1,899 cases in the Western Pacific region). These were cases that were confirmed clinically, epidemiologically, or by laboratory investigation (WHO 2018) .
According to Griffiths et al. (2013) , the total costs related to acute encephalitis syndrome in Nepal, in 2011, were 10 times the median monthly income of the participants' families for children with severe or moderate functional impairment, and 4.6 times for children with mild or no functional impairment following JEV infection. Furthermore, a higher proportion of caretakers of children with severe or moderate disabilities due to JE, took time off work after discharge (and longer time), compared to children with mild or no impairment. The child's participation within their home, community, or school was also affected by the JE-related impairment (Griffiths et al. 2013 ).
Prevention and Control
Prevention and control methods for mosquitoes have included the use of larvicides and insecticides; however, they have proved ineffective to control breeding in rice paddies. More natural methods, including neem cake, a by-product of cold-pressed neem tree fruits and kernels that may be used to manage insects and pests, has also been tried as a control method. Intermittent draining of paddy fields and use of larvivorous fish in rice paddies are also control methods that have been applied in affected regions (Solomon 2006) .
Another prevention strategy that has been debated is vaccination of pigs (Sasaki et al. 1982) . Though theoretically, it could represent a strategy to target the main amplifying host, it is not cost-effective in most settings due to the high pig turnover in industrial farming. Moreover, there is no evidence this intervention decreases human or mosquito infection and the effectiveness of live attenuated vaccines is decreased in young pigs due to the presence of maternal antibodies (Centre for Health Protection, Department of Health, Hong Kong; Erlanger et al. 2009) . Moving pigs at least 5 km away from human habitats could improve prevention, but its benefit has yet to be proven (Solomon 2006 , van den Hurk et al. 2008 . Prevention of human infection is usually targeted by advocating reducing the time spent outdoors, especially in the evening, time at which mosquitoes usually take blood meals. Wearing protective clothing and insect repellants are other preventive measures recommended for humans (Solomon 2006) .
Human vaccination is the main prevention method currently in use in most of Southeast Asia, with vaccination programs wellestablished in many of those countries. The first vaccines were mouse brain-derived and proved effective in controlled trials performed in Taiwan in the 1960s and in Thailand in the 1980s. However, due to the reporting of side effects, potentially related to the presence of gelatin and murine neural proteins in the vaccines, newer vaccines were developed (Solomon 2006 , Yun et al. 2015 . These include inactivated and live attenuated vaccines, with the brain mousederived type being replaced by cell culture-derived vaccines. These are now considered safe, cheap, and effective (Solomon 2006) .
All vaccines are genotype III vaccines, but because neurovirulence is not related to JEV genotype Barrett 1996, Le Flohic et al. 2013) , genotype III vaccines are equally effective against all JEV genotypes. A hindrance of vaccination is the fact that it does not provide herd immunity because humans are not the primary JEV host (Solomon 2006 ).
Vector-Borne Disease Epi-Triad
JEV transmission is very complex and hard to convey, as it is the case of most vector-borne diseases, within the classic epi-triad. Therefore, conclusions drawn from the interactions between disease vector mosquitoes with the pathogen, host, and environment are limited and their role underappreciated. The proposed diagram clarifies the unique characteristics of vector-transmitted diseases, as summarized here and using JEV as an example (Fig. 2) . Unlike the classic triad, which places the vector in the center, the vector has an equal role as the host and pathogen within the environment. The new arrangement better explains the interactions and incorporates dead-end hosts that may or may not have clinical symptoms, but are fed on by the vector (host preference). Similarly, not all mosquito species are vector competent for the virus (i.e., have vectorial capacity). Lastly, this new paradigm explains better the epidemic versus endemic areas and how these areas are influenced by the influx of the pathogen, mosquito species abundance, and animal movement. But most importantly, the depicted interactions identify areas of control to reduce disease transmission and the movement of pathogens globally that should be targeted when prioritizing implementation of mitigation strategies and allocation of resources. In outbreak situations, vector control is often the first and best means for halting its spread. However, wide-area spraying, one of the most common Fig. 2 . A more descriptive representation of the epidemiologic triad which incorporates the insect vector. This depiction demonstrates that controlling the vector is as important as controlling the pathogen or treating the hosts. Adding a second organism as the disease vector complicates the interactions between the host, pathogen, and environment and this diagram attempts to explain how these complex interactions may result in endemic/epidemic transmission of the pathogen. There is pathogen transmission only when a competent mosquito species is infectious and feeds on a competent host, which is the very middle of the diagram. Some mosquito species are exposed to pathogens but are refractory or they do not feed on competent hosts. Similarly, some hosts are exposed through communicable routes or fomites, but not mosquitoes. A full description of the interactions, such as competent mosquito species, hosts, and environment are described in the similarly named review sections.
control strategies applied during vector-borne disease outbreaks, is not a sustainable practice, from a financial and environmental standpoint. Instead, an integrated vector management (IVM) plan or multi-pronged approaches to insect vector control should be incorporated as an integral part of sustainable mitigation strategies for controlling vectors and limiting agent transmission (Kumari et al. 2014) . The role of IVM on vector-borne disease transmission should also be emphasized. Disease management approaches usually aim at decreasing vector-human contacts (using repellents or pesticide applications), or at decreasing pathogen prevalence in vectors, either by vaccinating reservoir hosts or by lowering their numbers (Ginsberg 2001) . According to Ginsberg (2001) , the integration of different control methods is best attained when combining those that have the same effect (i.e., combining methods that aim at lowering the number of vectors, or combining methods that aim at decreasing the proportion of pathogen-infected vectors), as opposed to combining methods that have different effects, despite the cost being the same (Ginsberg 2001) . Integrated vector management is considered a decision-making process whose ultimate purpose is to optimize the use of resources for vector management, in order to reduce or halt the transmission of vector-borne diseases, while sustainably improving its efficacy and cost-effectiveness (WHO 2011 , Kumari et al. 2014 . Vector control and mitigation strategies for JEV include environmental management (alternate wet and dry irrigation of rice fields and removal of pigs), biological control approaches (the use of larvivorous fish as biological agents, the use of bacteria as biocides, and the use of algae as a rice fertilizer which interferes with oviposition of mosquitoes), chemical control approaches (indoor residual spraying), and personal protection approaches (insecticide-treated mosquito nets and repellents) (Kumari et al. 2014) . A full review and description of these methods applied to JEV control, along with their limitations, is provided by Kumari et al. (2014) .
This review proposes an alternate way to view and represent the epidemiologic paradigm to better explain mosquito-borne diseases and summarizes the most important aspects of JEV as an example of a vector-borne disease with a complex transmission mechanism.
